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ABSTRACT

-~ Hydroxylammonium nitrate (HAN), a major component of the
liquid propellant 1846 (LI’1846), has been reported to produce
mechemoglobinemia, Heinz body formation, and hypotension in
rats. This study was conducted to define the relative
sensitivity and reversibility of the methemoglobinemia,
hypotension, and Heinz body formation following oral
administration of LP1846 to male rats. The left carotid
artery of each Sprague-Dawley rat was ‘surgically implanted
with customized polyurethane catheters. After a 3- to 5-day
recovery period, the animals were assigned to one of three
groups and were administered a single dose of either sterile
water (contrcl) or LP1846 (equivalent to 50 or 100 mg/kg of
HAN) by oral gavage. Blood pressure was monitored before
dosing and for 60 minutes following dosing. Blood samples
for determining the presence of methemoglobin and identifying
Heinz bodies were obtained at>-1, 5, 15, 30, 60, 120, 180,

240, 300, and 360 minutes after dosing, and then at 24-hour
—intervals until methemoglobin values returned to normal.}
LP1846 had no effect on mean arterial pressure at a dos¢ of
; 50 mg(HAN) /kg, but a dose of 100 mg(HAN)/kg produced a
significant decrease of 14% at five minutes. LP1846 produced
a dose-related increase of 5.2% and 10.6% in methemoglobin
values for the 50 and 100 mg (HAN) /kg groups, respectively.
The half-times for methemoglebin reduction were 113.0 hrs for
the 50 mg(HAN)/kg and 93.2 hrs for the 100 mg (HAN) /kg groups.
Thne times to the maximim methemoglobin concentration were
1.27 hrs for the 50 mg(HAN)/kg and 2.63 hrs for the 100
mg (HAN) /kg groups. ‘Heinz bodies were present in all treated
animals; the time of first observance being significantly
shorter in the high-dose group. These data suggest that the
presence of elevated methemoglobin levels and/or Heinz bodies
would be useful indices of occupational exposure to LP1846.
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f Key words: Heinz Bodies, Methemoglobinemia, Hypotension,
Liquid Propellants, Hydroxylammonium nitrate,
HAN, Rats, Nitrates, LP1846. ;o . o —
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PREFACE

TYPE REPORT: Rodent circulatory and hematological toxicity
study

TESTING FACILITY:
US Army Medical Research and
Development Command
Letterman Army Institute of Research
Presidio of San Francisco, CA 9412%-6800

SPONSOR:
US Army Medical Research and Development Command
US Army Biomedical Research and Development
Laboratory
Fort Detri~k, MD 21701-5010
Project Ofricer: Robert Finch, PhD

FROJECT/APC: USABRDIL, Reimbursable Service urder
8620/F844, Project Order 86PP6823
(BASIC), TL1R

GLP STUDY NUMBER: 86004

STUDY DIRECTOR: MAJ Don W. Korte, Jr., PhD, MS

PRINCIPAL INVESTIGATCORS: SGT Gayle A. Orner, BS
Danley F. Brown, PhD

REPORT AND DATA MANAGEMENT : A copy of the final report,

study protocol,retired SOPs, raw

data, analytical stability and
purity data for the test
compound, and an aliquot of the
test compound will be retained
in the LAIR Archives

TEST SUBSTANCE: LP1846

INCLUSIVE STUDY DATES: 10 June 1986-10 October 1986

OBJECTIVE: The objective of this study was to define the
relative sensitivity and reversibility of the
methemoglobinemia, hypotension, and Heinz body
formation following administration of a single
oral dose of LP1846 to male rats.
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ATIENT DN OF

SGRC-ULZ-QA 10 May 1988
MEMORANDUM FOR RECORD
SUBJECT: GLP Compliance Statement

1. This is to certify that the protocol for GLP Study 863043
was reviewed on 6 June 1986.

2. The institute report entitled "“Circulatory and
Hematological Effects of Liquid Propellant 1846 Following
Oral Administration to Rats, " Toxicology Series 189, was
audited on 26 August 1987.

CAROLYN M. LEWIS
Chief, Quality Assurance
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Circulatory and Hematological Effects of LP1846
Administration to Rats--Orner et al

INTRODUCTION

lrquid propellants are being evaluated by the Armed
Ferces because they offer several important advantages over
cenventional solid propellants. They are less expensive to
croduce and transport, are less vulnerable tc secondary
igrition, have increased ability to sustain operations, are
=acier to steore in combat vehicles, and can be demilitarized

simply and sately (1). Since there is considerable potential
f~tr human contact with the liquid propellants during
m~ammitacture, trancportation, and use, their health effects

are of interest to the Army. Previous studies on the
monopropel lant hyaroxylammonium nitrate (HAN), the
charmacologically active component of the liquid propellant
184¢ (LP184¢), demonstrated that HAN induced hypotension,
vt nernglobinemia, and Heinz body formation in dogs and rats
“.*:. The Division of Toxicology, Letterman Army Institute
i feoo-arch (LAIR)Y, was tasked by the United States Army
Biomedical Research and Development Laboratory (USABRDL) to
determine the relative sensitivity and reversibility of these
indices following LP1846 administration.

F‘Cj(}hf j \]e
The obijective of this study was to define the relative
sensitivity and reversibility of the methemoglobinemia,

hyporension, and Heinz body formation fcllowing
administration ot . single oral dcse of LP1846 to male rats.
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MATERIALS AND METHCDS

This study was conducted in compliance with the Good
Laboratory Practices (GLP) requlations promulgated by the
Environmental Protection Agency (4). LAIR is an AAALAC-
approved animal care facility (American Assoclation for
Accreditation of Laboratory Animal Care, 2082 North Cedar
Road, New Lenox, IL). All research conformed to standards
escablished in the Guide for the Care and Use of Laboratory
Animals and with other applicable federal regulaticns.

Test Substance

1LP1846 (Lot #50-4) was obtained from the United States
Balilistic Research Laboratory (Aberdeen Proving Ground, MD).
LP1846 contains 61.5% hydroxylammonium nitrate (HAN), 18.4%
triethanclammonium nitrate (TEAN), and 20.1% water (Fig. 1).

-y +
[Ho HO - CHy= CHa o
H — N-—H No; HO—CHz—CHz;N—+{ NO3
H ~ : HO—CH2- CH,
HAN TEAN
Figure 1. Components of LP1846
Veficle

Since the water component acts as a diluent and
maintains the mixture in a liqu.d state, sterile water {nor
injection was selected as the vehicle for formulating tn-®
dosing solutions. The dose groups (50 and 100 mg (HAN) /kg)
were calculated based oa the reported concentration of the
HAN comoonent irn the 1.F184¢&. The final concentrations based
on in-house analyses were #43.3 and 166.7 mg(LP1846) /ka.
Otler test substance information is presented in Appendix A,
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3 1 B
aAnimal Datsz

Male Sprague-Dawley rats were used for the study (Bantin
& Kingman Inc., Fremont, CA). The animal weights at dosing
rangea from 227 to 380 grams. The animals were housed
individually in stainless steel), wire meshed cages with
automatically flushing dumptanks. The diet consisted of
certified Purina Rodent Chow® #5022 (Ralston Purina Company,
St. Louis, MO); purified water from a Technic Series 300
Reverse Osmosis Unit (Seattle, WA) was provided from a
central line. The animal room temperature was maintained at
22°-25° C with a relative humidity range of 36%-53%. The
photoperiod was 12 hours of light per day. Additional animal
data can be found in Appendix B.

The rats were anesthetized with 0.5 ml/kg Innovar-vet®
(Janessen Pharmaceutical Inc., New Brunswick, NJ). All
surgeries were performed using aseptic procedures.
Catheterizatiocns were performed using the procedures
developed by Brown and coworkers (5-8). An incision (approx.
2 cm) was made on the ventral surface of the neck, and the
muscles were separated to expose the left carotid artery. A
small cut was made in the artery, and a polyurethane catheter
{inner diameter, 0.69 mm; outer diameter, 1.02 mm) was
in-2r-ed approximately 2.5 cm towards the heart and sutured
in place. The catheter was heparinized (9:1 glycerol:heparin
{1000 units/ml] sclution), externalized on the dorsal surface
sf the neck, and held in place with a Velcro® patch (Smalley
and Bates Inc., Nutley, NJ).

1] Lon/z o~ .

Following the 3- to 5-day recovery period, animals were
assigned sequentially to a test group as follows: 0, 50, 100,
0, 50, 100, 0... until a minimum of 8 test animals had been
assigned to each group. Since the study objective was to
describe the relative sensitivity and reversibility of
Li-1846's major pharmacolecgical effects, acceptance criteria
were that each experiment should run a minimum of 24 hours
and sufficient blcod samples should be obtained during this
time to define the half-time of methemoglobin reduction.
These criteria were achieved even though there were some
deaths attributable to acute cardiovascular collapse and even 3

though other animals had to be removed from the study due to Py
loss of catheter patency or displacement. These acceptance i)
criteria were adopted with the understanding that the acute )
hemodynamic effects might be understated because those Am*
@
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animals that died in acute cardiovascular collapse were
eliminated from the study.

Test Procedures
Animals were removed from their cages 3 to 5 days

following catheter implantation and acclimated to the
container in which the procedures were performed. Catheter

patency was confirmed. These catheters were then filled with

a solution of heparinized saline (9:1 saline:heparin {1000
units/ml]) and attached to a Stathem DB transducer (Stathem
Laboratories, Hato Rey, Puerto Rico). The transducer signal
was monitored via a Gould 2200 polygraph (Cleveland, OH} and
electrically dampened to obtain mean arterial pressure (9).
LP1846 and vehicle were administered by oral gavage. Blood
pressure was recorded from five minutes before dosing to €0
minutes after LP1846 administration, Time periods selacted
for analysis of mean arterial pressure were at -1 (baseline),
5, 15, 30, and 60 minutes after decsing. Heparinized blcod
samples (0.25 ml) for determining methemoglobin and
identifying Heinz bodies (10) were collected at -1 (baseline)
and 5, 15, 30, 60, 120, 18C, 240, 300 and 360 minutes, and
then at 24-hour intervals atter dosing until methemoglobin
vaiues had returned to normal or an animal was remnved from
study kecause cof catheter patency failure after the 24-hour
minimal acceptance period. Blood samples were refrigerated
until measurements were made. Methemoglobin values were
determined using a Model 282 Co-oximeter (Instrumentation
Laboratories, Lexington, MA) (l11). Fresh blcod samples ware
stained with crystal violet to determine the presence of
Heinz bodies (12).

Durat £ stud
Appendix C is a complete list of historical events.
Statistical Analysis

Randomness cof allocation procedures was conflirmed for
the baseline blood pressure and methemoglobin wvalues by one-
way analysis of variance (ANOVA). Since there were no
significant differences in the baseline mean arterial
pressur=s, the dose groups were compared using a two-way
analysis of covariance with time as a repeated measure und
the baseline values as a covariate., The multivariate t-
me' hod was then used to make the planned comparisons. Then
ene~way analysis of variance was performed to test tor
dl ferences petween basellone and the 5, 15, 30, and 60 min.
time points for each group. The change from baseline at each
tire point was compared by one-way ANOVA and, if a
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significant F value was obtained, Dunnett's t-test was e
performed (13, 14). These statistical analyses were [
periormed with the BMDP statistical software package (15) on ’N*
the Data General MV/8000 computer. The methemoglobin data "
were analyzed by nonlinear regression using a modified u&
Marquardt algorithm for non-linear least squares regression :ﬁ
(16) . The data were fitted to a one-compartmental open QQ

model, and toxicokinetic indices (half-time of methemoglobin -
reduction, peak concentration, time-to-peak concentration, W
and area under the time-concentration curve) were derived. A W
student's t-test was used to compare the kinetic indices for 20
the two test groups. The presence of Heinz bodies was o

evaluated qualitatively. Time of appearance of Heinz bodies
in the two test groups was compared using the student's t- s
test. All tests were performed at the .05 level of

significance.

Changes/Deviations from Procedures

X4 '
t.:'
Originally, blood pressure tracings were to be taken ‘o
before dosing, at 5, 15, 30, and 60 minutes after dosing, and !
then at or »-hou. intervals for six hours. Preliminary X
studies indicated that the significant blood pressure changes ﬁ
occurred within the first hour. The times of recording were .%
changed to enable closer monitoring of the first hour, '*
particularly the first 15 minutes. The timetable was changed Y
to monitor the blood pressure continuously from one minute
before to 15 minutes following dosing, and then at five- Pt
rinute intervals for the first hour. No pressure tracings ug
were taken after the first hour. Qy

Due to the relatively long half-time for methemoglobin
reduction following LP1846 administration in rats, there was
some difficulty in maintaining catheter patency during the W
period required for the methemoglobin values to return to Yoy
baseline. Starting on 26 Aug 1986, we used a blood sample

by d.
from the tail vein of the animal if the catheter was no ’::'»
longer patent. :ki
The protocol indicates that the animals would be allowed ",
to recover for three days following catheterization. This :%‘
was changed to a recovery period of three to five days. This ol
allowed the catheterization of more than two rats in a day 5
which provided backups on the day of dosing in case the .;:
catheters of the animals scheduled to be dosed were not h
patent. Extra animals could be dosed the following day, »
rather than being eliminated from the study. The recovery of o
rats from catheterization surgery is complete after three o)
days (6). An extra day or two of recovery should not have .z
made a difference in the study results. W

? ;‘b’.‘l'.“"‘l"" :‘\l'
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Two power outages occurred during the course of the
study. ©On 25 June and on 19 July the animals were without
water for approximately four hours. The room humidity and N
X temperatures were not stable during these times. The animals 4
were also without water for a period between the p.m. -
observations on 5 Sept. and the a.m. observations on €& Sept.
No signs of dehydration were noted after these occasions.

e P e
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Raw Data and Final Report Storage ]

oo
[

£
-

A copy of the final report, study protocols, raw data,
retired SOPs, and an aliquot of the test compound will be
retained in the LAIR Archives.
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A RESULTS ¢
4

Blood Pressure

The mean and standard error of the mean (SEM) fcr the
blood pressure measurements (at the prescribed time periods)
are given in Table I for each group. Only the 100 mg
(HAN) /kg dose of LP1846 produced a significant decrease in
mean arterial pressure (MAP). The 17.3 mm Hg decrease in MAP
at 5 minutes after oral administration was significantly Y
greater than the decrease in MAP observed in the control or
50 mg (HAN)/kg grecup. Appendix D is a listing of the mean
arterial pressures of the test animals. \

e

Xl ot e

a - -
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Met] Lobi .

\ LP1846 produced a prolonged dose-related

K methemoglobinemia in the rat following oral administraticon.
Methemoglobin kinetic values are given in Table II. The

{ half-time for methemoglobin reduction (T-1/2 Red) was

- approximately 4 days for both doses, and the time to masximum

. methemoglobin concentrations (T-max) was 1.27 hrs and 2.63 -

} hrs for the 50 and 100 mg(HAN) /kg dose groups, respectively. !

" There were no significant differences in these two variables (3

b between the two groups. The area under the curve (AUC) TN
described by the time vs % methemoglobin plot was N

& significantly larger in the 100 mg(HAN) /kg than in the 50 ’

. mg (HAN) /kg dose group as was the maximum methemoglobin

Q corcentration (C-max). Appendix E contains the

corcentration versus time curves for the methemoglobinemia
cocerved in the 50 and 100 ma (HAN) /kg dose groups,
raspectively.  The naii-tian: for methemoglcbin reductior is
listed under the T-1/2 column of the parameters as Term 2.
Methemoglobin values averaged between 1.1% and 1.3% in the

Dot e
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control group throughout the observation period which
extended 6 days or longer for some experiments. Appendix F
is 4 listing of the methemoglobin values for all animals and
Appendix G shows the methemoglobin kinetics.

Heinz Body F .

No Heinz bodies were observed in blood samples from
control group animals at any time period. Heinz bodies were
observed in the blood samples of all treated rats. Figure 2
is a graphical representation of the time of appearance of
Heinz bodies in the 50 and 100 mg (HAN)/kg groups. There was
a significant decrease in onset of time of appearance of
Heinz bodies from the 50 to 100 mg(HAN) /kg group. The
disappearance of Heinz bodies from the circulation was
difficult to monitor because of periodic losses of catheter
patency and animals from the study as the observation period
continued. However, the data suggest that the time of
disappearance of the Heinz bodies parallels the reduction in
methemoglobin. At the 100 mg (HAN) /kg dose essentially every
erythrocyte had Heinz bodies. The percentage of erythrocytes
with Heinz bodies was much more variable in the 50 mg(HAN) /kg
group. Some animals had blood samples essentially the same
as those in the 100 mg (HAN) /kg group while other animals had
very few Heinz bodies. Appendix H is a complete listing of
the times for first appearance of the Heinz bodies.

X

.t
. . - - » LA v L. 0 -~ ..
7y .‘u"'? N “)‘Q'L“.l LA "t,"l .'I.J.!\“t ] ..I'l "o.l.c‘.l'u.. O,l‘o,"l,"l.l‘o.l.l.l‘o.l'l A "l c'l'a..l‘u.t';.*".i.n TOCM R AR % (O UM AR A N l'p'l’o.i'o‘l'- W5 9, AN




LR APE LIRS ! O RS AL N S '{ - da MW U Y

Orner et al--38

ThHuULY I

The Effect of Jrally Adminicstered LP184

6 on Mean Arterial

Procsure  (mr Hg) in Consclous Ratsd

C‘LL'””z T_‘;"‘u\ (']] l)_“ll u\x‘ S)(‘ j “rl
-1b 5 15 30 60
Control 118.4 118.4 123.0 120.9 118.8
(n=8)¢ 3.2 *+3.5 +4.7 3.2 +5 .2
5C mg (HAN) / kg i20.1 117.14 121.0 115.¢ 122.9
(N=8) 5.7 +4.0 5.1 8.5 6.9
105 ma (HAN) /kg 123.6 106.34,€ 119.4 123.4 1224
(n=5) 3.4 7.3 +7.3 (.8 5.4
a. Values are mean ¥ standard error c¢f the mean.

b. Measurements were obtained one minut
were consildered bLaseline ocbservacion

C. Animal #393 was not includod in the
due to several missing data points.

d. Significantly different from baselin
compared wsing one-way ANOVA anrd Mul
p < 0.05.

. Cnange from Saseline
was signlt i oy dine
pereline o

Do way AL A0 an T U s t-test,

r the 100 mag(

]
crent {rom the

. . N A
B R T 0 T T P TRt A S S R Tt P S Lt S

e before dosina and
5.

statlistical arnalyais

e (-1 min) when
tivariate t-method,

HAN) /ky dose group
change from

o tne e icie control whero comgparcd using

poED.05,
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X
TABLE II AN

Jethemoglobin Kinetics Following Oral Administration of
LP1846 to the Conscious RatdsP

‘Group® T-1/2 Red AUC T-max C-max ey
(hrs) (¢ hrs) (hrs) (%)

50 mg(HAN) /kg  113.1 848.3 1.27 5.2 oo

(n=8) +9.4 +87.3 +0.15 10.5 >

d d R
100 mg (HAN) /kg 93.2 1358.0 2.63 10.6 !

(n=8) $12.4 +100.9 +1.22 1.1

a. Abbreviations: T-1/2 Red: half-time for methemoglobin 1?'
reduction 5,_J
AUC: area under the curve described by o,
the methemoglobin vs time plot
T-Max: time to maximum methemoglobin A
concentration s
C-max: maximum methemoglobin
concentration

b. Values are mean * standard error of the mean. pg'
c. Control Methemoglobin values did not change from e
baseline. No kinetic analysis was attempted.

d. Significantly different from 50 mg (HAN) /kg: Student's t- ﬂuﬁ
test, p £ 0.05. ]
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50 mg (HAN)/kg
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DISCUSSION 'e.
The objective of this study was to describe the relative o
sensitivity and the reversibility of LP1846 on certain %h:
hemodvr=>mic and hematological variables. It has previously aﬁg
be-n cstablished that liquid propellants containing HAN W
produce a profound systemic hypotension and it
methemoglobinemia, plus other blood dyscrasias, in the dog ,
and rat (2). Preliminary studies in this laboratory W
confirmed the acute toxicity of the HAN-containing liquid %ﬁ
propellant, LP1846, in the rat. A single orally administered :v$
dose of LP1846, 200 mg(HAN)/kg, equivalent to approximately ?&Q
one-half the median lethal dose, produced at 3 hours a 50% ;&&
decrease in MAP, vhich had returned to baseline values by 6 ';
hours. In the same animal, LP1846 produced a 46% o
methemoglobinemia 15 minutes after administration. Sixty-six &é
hours after dosing, the methemoglobin concentration in this h&
animal still exceeded 18%. On the basis of these data, two &é
doses of LP1846 were selected to determine the relative ,Qk
sensitivity and reversibility of LP1846 effects on blood Dl
pressure, methemoglobin concentrations, and Heinz body ,
formation. The two doses of LP1846 were S50 and 100 -;ﬁ
mg (HAN) /kg. Doses were based on the concentration of HAN in %J&
the LP1846 mixture as previous studies had indicated that HAN W
was the active component for the hemodynamic and %&
hematnlogical changes observed following liquid propellant ﬁn
administration (2,17). gf~
v ]
Cur study established that 100 mg (HAN)/kg of LP1846 ot
administered orally produced a significant yet transient ‘w
hypotension in conscious rats. As described in the ey
acceptance criteria section, the magnitude of the hypotensive o
response may have been understated since the requirement for P
a successful experiment was that the animal remain "on study"” N
for at least 24 hours. However, this requirement was 9\!
necessary to ensure sufficient successful experiments for ,Qv
determining the time course for the methemoglobinemia and s.’
Heinz body formation. The lack of a hypotensive effect at the : ‘
50 mg(HAN) /kg dose level suggests that the threshold for this P
response is between 50 and 100 mg (HAN) /kg.

e
D

1P1846 produced a dose-related methemoglobinemia as
indicated by peak concentration and area-under-the-curve
measurements. The relationship between the peak

~~
ey

PRI~

methemoglobin concentration and dose of LP1846 was fi

essentially linear with methemoglobin values of 5.2% and _‘;

10.6% for the 50 and 100 mg(HAN) /kg doses, respectively. o

Thus, the methemoglobin concentration appears to be a e

sensitive indicator of LP1846 (e.g., HAN) in the blood. \?ﬂ

Tnere were no significant differences in the half-times for o
.

methemoglobin reduction at the two dose levels. These data
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varied more than the peak concentration data beceuse there
were fewer data points from the later sampling periods which,
if present, would have provided a more accurate dascription
of the half-time for methemoglobin reduction. The relatively
lcng half-time (approximately 4 days) for methemoglcebin
reduction fcllowing LP1846 administration reflects either &
depression of methemoglobin reductase activity by HAN cr a
relatively long elimination half-time for HAN or its active
methemoglobin-forming metabolites. The prolonged scdiun
nitrate-induced methemoglobinemia in mice has been attributed
to methemoglobin reductase inhibition (18). However, thic
may not be the case in the rat. The rat has a relatively
fast-acting methemoglobin reductase and there is a gocd
correlation between methemoglobin time orofiles and
eliminaticn profiles for methemoglokin-forming drugs such as
dimethylaminopherol and p-amincpropiophencne (19). Therefore
we may speculate that the long half-time for methemoglobin
reduction is attributatle o a long half-time of elimination
for HAN. Studies of the metabolic fate of LP1846 (HAN)
wculd answer these questicns ano provide much needed
infermation for treating cases ot accidental pcisoring.

Formation of Heinz bocdies in erythrocytes is
characteristic cf many oxicative compounds (20).
Consequwoatly, it hay been rropesed that Heint body formartion
is directly as:zociated witn methemoglobin production (21).
Although the consensus 1s that methemoglobin and Heinz body
formation are not diractly related, a definitive study has
nct been conducted. The LF1846 data do not help to resclve
this old centroversy. On cne hand, the time courses for
elimination of Heinz bodies and reduction of methemoglobin
follcwing administration nf LP1846 are similar, although this
comparison relies on a gquaiitative analysis for the presence
of Heinz bodies. As discussed previously for the
mettremoglobin data, this time course of elimination may, in
fa:*, reflect a lorg elimivation half-time for LP1846 (HAN) .
Ccaveruely, the cdata may suggest also that differernt
mecharnisms account for forrmation cof methemoglobin ard Heinz
boiie« because there is a (nose-dependent decrease in time of
appearance of Heinz bodics, whereas there is no significant
diiference in the time to maximum methemoglobin
coicentrations for the two doses of LP18B46.

COVCLUSIONS

This =tudv -nnfirms ¢« ~liaey reports that HAN-containing
Pelds progellor ooroeodos ypotension, methemoglokbinemia,
and Heinz body formeation. 7The data from this study indicate
th £ all measured variabies respond in a dose-related fashion
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to LP1846 exposure. LP1846, or its HAN component, was more
potent in producing methemoglobin and Heinz body formation
than in producing hypotension. Consequently, either
methemoglobin or Heinz body formation (or preferably both
since their formation may not be mechanistically related)
sho: ld L2 monitored periodically during occupational
expusure. The hypotensive response was transient at the
doses used in the study; larger doses produced longer, more
prolonged periods of hypotension as is true with nitrate
salts in general. The relatively long half-time of four days
for methemoglobin reduction in the rat following LP1846
administration suggests that LP1846 may have a long half-time
of elimination. Thus, one shc:'ld monitor methemoglobin and
Heinz body formation during periods of prolenged exposure to
LP1846.
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CHEMICAL DATA o
.
Che. .ical name: Liquid Gun Propellant 1846 (LP 1846) $Q
h
Lot Number: 50-4 $$
L7 "R {~cde: TP69 sﬁ
Propellant Components: hydroxylammonium nitrate (HAN) gé
triethanolammonium nitrate (TEAN)
Chemical Structures: Eﬁ
%
+ + ck
HO\ HO"CHZ_CHZ\ .‘,:.
H—N-H NO; HO—CHz—CHz;N—H NO3 ‘
{H 7 HO~- CHz— CH, ,:-:;
"l
HAN TEAN ‘.t;cf
Cﬁ
s
Molecular Formula: HAN: H4N204, TEAN: CgHisN20¢g ;:'
Molecular Weight: HAN: 96.04, TEAN: 211.19 o~
Y
Analytical Data: Hﬂ
LP 1846 was analyzed by titration with a standardized P
alcoholic solution of potassium hydroxide using a procedure i
surziied by Charles Leveritt.l This yielded the sum of the A
nAlk and TEAN components. Titration of the propellant after &!
heating with benzaldehyde provided the concentration of HAN ;%
2lone. Analysis of the compound in this laboratory gave the -‘¥
following composition:? -5

HAN 61.5% i
TEAN 18.4% 0
N

Water 20.1%
Snurce: Charles S. Leveritt

&
Advanced Ballistic Concepts Branch |‘
US Ballistics Research Laboratory )
Interior Ballistic Division
Aberdeen Proving Ground, MD SCRt
ALy
lreveritt, CS. [Letter). SUBJECT: Analysis of liquid f:
propellants by titration (15 April 1986). Aberdeen Proving &:1
Ground, Maryland: US Army Laboratory Command, Ballistic ol
Research Laboratory. ®

ZA4heeler, CR. Toxicity testing of propellants. Laboratory
Notekbook #85-12-023.2, pp 17-23. Letterman Army Institute of
tasearch, Presidio of San Francisco; CA.
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ANALYSIS OF LIQUID PROPELLANT 1846 AND DCSING SOLUTIONS ,“..
ot
LP1846 and the dosing solutions prepared from it were ?ﬁ
analyzed for percent hydroxylammonium nitrate (HAN) and dﬁ
triethanolammonium aitrate (TEAN) using an unpublished &4
procedure supplied by Charles Leveritt.l 1In the first step aB
(Step A) of the procedure, the propellant is titrated with a %
standardized alcoholic solution of potassium hydroxide (KOH). ) F‘¢
This titration yields the sum of the HAN and TEAN comrponents. ﬁw
The second step (Step B) involves titration of the propellant ﬁ?ﬁ
after heating with benzaldehyde, providing the concentration ‘ "f
of HAN alone. From the results of these two titrations the 8K
composition of the propellant is determined. Dosing ol
solutions were analyzed by determining the concentration of ?\ﬂ
HAN alone. 0:0
PROCEDURE : 'ij
%
An alcocholic solution of KOH was prepared by dissolving <
12 g of reagent grade KOH and 200 mg of reagent grade barium q 4
nitrate in 12 ml of water. The solution was mixed, allowed &ﬁ
to stand overnight, and filtered. The solution was then .hﬂ
diluted to one liter with reagent-grade ethanol and the .Qﬁ
normality determined by titration with standard benzoic acid ?ﬁf
using phenolphthalein as the indicator. A second 4‘
standardization with potassium hydrogen phthalate was also g
pe~formed. ~ 5
Ly
In Step A, each sample (denoted Ap) was added to a 150G “F
ml flask and diluted with 50 ml of 95% etharnol. Two drops of "
phenolphthalein were added to each flask and the samples ‘:“
titrated to the first pink color lasting 30 seconds or more. o
In Step B, another set of samples (denoted Bp) were added to F é
flasks containing 1 ml of benzaldehyde and 5C ml of ethanol. 4&%
These samples were heated to S0 to 60°C for about 5 minutes el
an  titrated using brcmphencl blue as the indicator. %y:
-
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CALCULATIONS:

From Step B the percent HAN was determined as follows:

meq HAN in Bp = (ml KOH to titrate Bp) x
(normality KOH soln)

% HAN = (meq HAN in Bp) x (96.04 mg HAN/1 meq HAN) x
(1/weight Bp) x 100

Once the % HAN has been determined, the % TEAN and %
water can be calculated from Step A:

meq HAN in Ap = (% HAN) x (weight Ap) x
{1 meq HAN/96.04 mg HAN)

total meq (HAN + TEAN) = (ml KOH to titrate Ap) x
(normality KOH soln)

meq TEAN = (total meq (HAN + TEAN)) - (meq HAN in Ap)

% TEAN = {(meq TEAN) x (122.08 mg TEAN/1 meq TEAN) x
(1/weight sample Ap) x 100

% WATER = 100 - (% HAN + % TEAN)

For the analysis of dosing solutions, the determination
»I ~he concentration of HAN was the only calculation
required:

mg HAN/ml = (meg HAN) x (96.04 mg HAN/1 meq HAN)/ (1 ml)
RESULTS:
LP1846 was analyzed on 16 July 86 using 0.1533 N KOH.2

Sample weights and titrant volumes for Steps A and B are
presented in Table 1.

TABLE 1. Analysis of LP1846.

STEP A STEP B
Sample Wt (mg) KOH (ml) Sample Wt (mg) KOH (ml)
248.7 12.91 242.1 10.11
244 .7 12.85 262 .4 11.00
.- 270.8 13.65 246.5 10.29
260,96 10.86
fAverage: 254.7 13.14 252.9 10.57
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Based on these results the composition was determined to be %
61.5% HAN, 18.4% TEAN, and 20.1% water. o
The dosing solutions were analyzed by titration on 22 ﬁ&

July 86 using 0.1574 N KOH.7 Presented in Table 2 are the %?
data obtained for Steps A and B of the analysis. The 50 mg i
HAN/ml and the 100 mg HAN/ml dosing solutions were determined ’
to have actual concentrations of 54.6 mg HAN/ml and 106.0 mg 0

HAN/ml, respectively. : gé'

"W
TABLE 2. Analysis of Dosing Soluticns. ﬁ?
l%(
4
TARGET KOH (ml) el
CONCENTRATION ::;::
{mg/ml) * STEP A STEP B 2
501 4.48 3.64 o
502 4.21 3.59 .%»
1001 8.17 7.04 o
1007 8.31 6.99 ';';;
4t
*Two 1 ml aliquots of each dosing solution were %?
analyzed. %'
)
%
3%yt
B
lLeveritt CS. [Letter). SUBJECT: Analysis of liquid ‘i.
propellants by titration (15 April 1986). Aberdeen Proving %w
Ground, Maryland: US Army Laboratory Command, Ballistic ‘@
Research Laboratory. i
2%y,
'\
2Wreelcr CR. Toxicity Testing of Propellants. Laboratory vn*
Not ebook #85-12-023.2, pp 17-22, Letterman Army Institute of . )
Research, Presidio of San Francisco, CA. : N
3rvid, pp 24-31.
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ANIMAL DATA

Species: Rattus norvegicus

Strain: Sprague-Dawley

Source: Bantin & Kingman
Laboratory Animal Consultants
3421 Yale Way
Fremont, CA 94538

Sex: Male

Age at dcsing: 11 to 15 weeks

Condition of animals at start of study: Normal
Body weight range at dosing: 227-380 grams
Identification procedures: Ear tag, tag numbers

inclusive: 204, 208, 227, 231, 233, 234, 236, 242,
248, 252, 271, 280-319, 357, 367, 370, 387, 393,
474-502

Pretest conditioning:
1. One week quarantine
2. Polyurethane catheters microsurgically implanted
3-5 days before dosing.
3. Food was removed the day prior to dosing

Justification: Previous studies on this compound have been
performed on rats, and this species is a proven
acceptable model for methemoglobin studies.
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HISTORICAL LISTING OF STUDY EVENTS ‘
§
Rate Event. we
(4
:{:‘
:f«
10 Jun 86 Eleven animals were transferred from GLP k
85021 to GLP 86004. P
10 Jun-10 Oct 86 Animals were checked twice daily. :ﬂ
11 Jun 86 One animal was catheterized. 1@
12 Jun 86 Two animals were catheterized. W
13 Jun 86 Two animals were catheterized. Q:{
16 Jun 86 One animal was catheterized. One was b
sacrificed after catheter pulled out. o
17 Jun 86 One animal was weighed and dosed with test het
compound. Blood pressure was monitored and @
blood samples acquired before and after W
dosing. Catheterized one animal. Weighed :Q
animals. Received shipment of 20 animals i-
which were examined, eartagged, weighed, 7
housed and fed. i
18 Jun 86 One animal was catheterized. One animal '
was dosed. Follow-up blood samples were ;3
taken on previously dosed animal. W
19 Jun 86 Three animals were catheterized. !
20 Jun 86 One animal was dosed. Three animals were
sacrificed. A
23 Jun 86 One animal was dosed. Follow-up samples ‘ﬁ
were taken on a previously dosed animal. :ﬁ
Animals were weighed. Two animals were 4
catheterized. Animals from 17 Jun
shipment were removed from quarantine.
24 Jun 86 Two animals were catheterized. Two animals ;\
were dosed. Quality control animal (from o
17 Jun shipment) was submitted to Py
necropsy. )
25 Jun 86 Two animals were catheterized. One animal Y,
was sacrificed. Received shipment of 20 -
animals which were examined, eartagged,
weighed, housed and fed.
26 Jun 86 Three animals were catheterized. One ‘
animal was dosed and one animal was A
sacrificed. Quality control animal was Q’
submitted to necropsy from 25 Jun >
shipment.
27 Jun 86 Two animals were catheterized. Two animals

. \ - s "y P .
RO O OU RO M e l‘:.i‘..l‘i.l.l. ‘Ll.l"‘t '0 ..J‘ WV P S T e, 000 BT 0, " A

were dosed. One animal was sacrificed.
Follow-up blood samples were taken.
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30 Jun 86

ko

oW

8

Q
=

Jul
Jul

Jul
Jul
Jul

Jul

Jul

86
86

86
86
86

86

86

10 Jul 86

11

15
16
17

18
21

~y

Jul

Jul

Jul

Jul

Jul
Jul

Jul
Jul

Jul

5 Jul

28
29

Jul

Jul

86

86

86
86
86
86
86
86
86
86

86

3% Jul 86
21 Jul 86
1 Aug 86
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Sacrificed four animals. Weighed animals
and took follow-up blood samples.

Dosed one animal. Sacrificed one animal.
Four animals were catheterized. Two
animals were sacrificed.

Three animals were catheterized.

Animals rrom 17 Jun shipment were removed
from quarantine.

Four animals were catheterized. Two
animals were dosed. One animal was
sacrificed. ’

Four animals were catheterized. Two
animals were dosed. Follow-up blood
samples were taken. Animals were weighed.
Follow-up blood samples were taken. One
animal was sacrificed.

Four animals were catheterized. Two
animals were dosed. One animal was
sacrificed. Follow-up blood samples were
taken.

One animal was dosed. Four animals were
sacrificed. Follow-up blood samples were
taken.

Follow-up blood samples were taken.

Three animals were catheterized. One
animal was dosed. Follow-up blood samples
were taken,

Animals were weighed. Six animals were
sacrificed.

Follow-up blood samples were taken.

One animal was dosed. Two animals were
sacrificed. Follow-up blood samples were
taken.

Follow-up blood samples were taken.

Two animals were sacrificed. Follow-up
blood samples were taken.

Animals were weighed.

Four animals were catheterized. Five
animals were transferred to this study
from MN8601.

One animal was catheterized. One animal
was dosed.

Animals were weighed. Two animals were
catheterized. Three animals were
sacrificed. Follow-up blood samples were
taken,

Follow-up blood samples were taken.
Follow~up blood samples were taken.

Two animals were catheterized. One animal
was dosed.



4 Aug
5 2ug
6 Aug
7 Aug
8 Aug

11 Aug
12 Aug

13 Aug

15 Aug
18 Aug

19 Aug
20 Aug
21 Aug
22 Aug
23 RAug
24 Aug
25 Aug

2¢ Aug

277 Aug
28 Aug
29 Aug

30 Aug
31 Aug

86
86
86
b6
36

86
86

86

86
86

86
86
86
86
86
86
86
86

86
86
86

86
86

1 Sep 86
2 Sep 86
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One animal was sacrificed. Follow-up blood
samples were taken.

Animals were weighed. One animal was
dosed.

One animal was dosed. Follow-up blood
samples were taken.

Three animals were sacrificed. Follow-up
blood samples were taken.

One animal was sacrificed. Follow-up blood
samples were taken.

Follow-up blood samples were taken.
Follow-up blood samples were taken. 29
animals were received from Bantin &
Kingman. They were examined, housed, and
fed.

Follow-up blood samples were taken.
Animals from 12 Aug shipment were
eartagged and weighed, and a quality
control animal was submitted to necropsy.
Follow-up blood samples were taken.

One animal was sacrificed. Follow-up blood
samples were taken. 28 animals were
received from quarantine (from 12 Aug
shipment) .

Eight animals were catheterized. Animals
were weighed.

Four animals were catheterized. One animal
was sacrificed.

Four animals were catheterized.

Three animals were catheterized. Two
animals were dosed. One animal was
sacrificed.

Two animals were dosed. Follow-up blood
samples were taken.

Follow-up blood samples were taken.

Two animals were catheterized. One animal
was dosed. Follow-up blood samples were
taken.

One animal was dosed. Animals were
weighed. Follow-up blood samples were
taken.

Two animals were dosed. Follow-up blood
samples were taken.

Two animals were dosed. Follow-up blood
samples were taken.

Two animals were dosed. Follow-up blood
samples were taken.

Follow-up blood samples were taken.
Follow-up blood samples were taken.
Follow-up blood samples were taken.
Animals were weighed. Follow-up blood
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#:ﬂ
e
samples were taken. g
3 Sep 86 Follow-up blood samples were taken. )
4 Sep 86 Two animals were catheterized. Follow-up %
blood samples were taken. (O
5 Sep 86 Two animals were catheterlzed. Follow-up Qﬁﬁ
blood samples were taken. KR
5 Sep 86 Follow-up biocod samples were taken. _
7 Sep 86 Three animals were catheterized. Follow-up WhaY
blood samples were taken. e
8 Sep 86 One animal was dosed. Follow-up blood ey
samples were taken. ~.§ﬁ
92 Sep 86 One animal: was dosed. Follow-ug blood : o~ o)
samples were taken. "'
10 Sep 86 Animals were weighed. Follow-up biood e
samples were taken. ﬁﬂb
11 Sep 86 Three animals were Jdosed. One: animel w=s ﬁhﬁ
sacrificed. ot
12 Sep 86 Follow-up blood samples were taken. §$#
13 Sep 86 Follow-up blood samples were taken. et
14 Sep 86 Follow-up blood samples were taken. .%
15 Sep 86 An arnimal was dosed to compare MHb values qu
from cathieter and tail vein. ﬁy%
16 Sep 86 Frollow~up blood samples. ?ﬁﬁ
17 Sep 86 Follow-up blood samples. i
19 Sep 86 An animal was dosed to stain for Heinz o
body verification, ]
22 Sep ©6 sacrificed one animal. Wd
23 Sep 86 Sacrificed two animals. Animals were g&q
weighed. !".l“f
30 Sep 86 Animals were weighed. et
7 et 86 Animals were weighed. Three animals wore \J
dosed s¢ that they could be used to veritfy
Heinz bodies. N
8 ct 86 Examined blood for Heinz bodies. f}q%
10 Oct 86 Remaining animals were sacrificed. Hﬁ"
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ME VS CCNCENTRATION CURVES

METHEMOGLCBIN TI

1
282 !
rat whole dleod LP1846
100.0 _ 12.95 mq S0.0000 mq/kq AT TIME ZERO
1
P 1
:
r to.c |
e 3
o b
n -
t
1.0
000 40!00 8000 120,00 !60.00 200.CO0 240.CO 130.C0 50023
HOURS
PARAMETERS
PK MODEL 2 TERMS TERM  COEF. EXP. 04 72)
RESUAL ERRORS YEIGHTED 1/C 1 -30ZE+01 O.113E402 O 061 HOURS
FORCED THROUGH ZERO 2 0.302E+401 0.744€-02 93.224 HOURS
293
rat whele bloed LP1046
179.0 17.1 mq S0.0000 mq/kq AT Tit<€ Z2ERQ
P
[ 3
~ 0.0
[
e
”n
t ? v o
r ’
0O 40/c0 30/00 12000 160.00 200'C0 240'C3 420°C3  3°0CO f-:'q
HOURS Q
PARAMETERS >
PX HODEL 2 TFRMS TERM  COfF. txp 10172y R
HESIDUAL ERRNRS WEIGHTED 1/C I - S4leeat Q.7176+01 N 097 HDURS ‘R
FURCED [HKUUGH ZERD 2 0.541€+01 D 343£-02 127.670 HUURS !’_
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300 o
i
rat whele blaed LP1946
100.0 3 15.85 mq 50.0000 mg/kq AT TIME 2ERO
p X
4 i
P ‘i
e : !
r 100
c 3
.
n
t 3
{
3 |
1.0 \«
0.00 0!00 80!0 10,00 160.CO0 IC0.00 240.C0 230 CO0 321 09
HOLRS
PARAMETERS
PX MODEL 2 TERMS TERM  COEF. EXP. /)
RESIDUAL ERRORS VEIGHTED 1/C I - 324E401 0.576€+01 O.120 HOURS
FORCED THROUGH 2ERO 2 0.524E401 0.627E-02 §10.600 HOURS
- 1
308 .
rat whole dlesd LP1846 i
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474
rat whoele blood LP1846
100.3 16.9 mg 50.0000 me/kq AT TIME ZERO
| P
1' e
| ~ 10.0
F c 1
e
n
L
1.0 —
0/C9  40.20 3000 120000 €000 20000 24000 120.00 1°0.00
HOURS
PARAMETERS
PK MODEL 2 TERMS TERM  COEF EXP. T(i/2)
RESIDUAL ERRORS YEIGHTED 1/C 1 <~ 472E401 0.546E+01 GQ.127 HOURS
FORCED THROUGH ZERD 2 0.472E40% 0.586£-02 118266 HOURS
481
£at whele blead LP1846 |
100.0 _ 13.5 mg 50.0000 mg/kg AT TIME 2ERO :
]
]
r
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&
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FORCED THROUGH ZERO 2 0.5770+01 0.756E-02 91 668 1IUURS
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rat whele hloed LP1846
31.9 mq ‘100.0000 mq/kq AT TIME JERO

o'co  +0.00 80’00

PK MODEL 2 TERMS
RESIDUAL ERRORS YEIGHTED 1/C
FORCED THRAOUGH ZERG

120.00 160.CO0 200.00 240.C0 10 (0 3I0.CO

HCOURS
PARAMETERS

TERM  COEF. EXP. "/
1 -.930€+01 0.920£+401 0.073 HOURS

2 0.930€+01 0.543E-02 127.722 HOURS
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rat whele blaed LP1846
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APFENDIX E
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482
rat whele bloed LP1846
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PK MODEL 2 TERMS TERM  COfF. EXP. sy
RESIDUAL ERRORS YEIGHTED 1/C 1 - 660E+01 O.143E¢02 0.048 HUDSS

FORCED THROUGH ZERO 2 0.660€+01 0.709€-02 97.774 1I0UCS
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rat vhele blacd LP1846
120.0 31.8 mg 100.0000 mg/kq AT TIME JERD
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RESIDUAL ERRORS YFIGHTED 1 /C I - 130Le002 Q1044002 O U6T HUING

FORCED THRUUGH CLRO 2 01500002 0.3E-U2 76,700 HUIKS
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rat whole blaed LP1846
100.0 . 31 m9 (00.0000 mq/kq AT T.ME 2[R0
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L 3
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HOURS
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FORCED THROUGH ZERD 2 0.141E¢U2 0.119E-01 60.063 HOURS
. )
)
494 l ;
rat whale blesd LP1046 ! X
100.0 29.4 mq .100.0000 mg/kg AT TIME ZERO !
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2

2

METHEMOGLOBIN KINETICS '

o0

50 mg (HAN)/kg '

’0::‘

T

Animal T 1/2 AUC T-Max C-Max i

number (hrs) (% * hrs) (hrs) (%) ‘?

282 93.224 406.095 0.646 3.0 s

293 127.670 995,321 1.008 5.4 Ny

300 110.600  834.601  1.187 5.2 fd

308 169.330 1114.928 1.426 4.5 0

474 118.266 805.269 1.253 4.7 5

481 91.668 761.459 1.111 5.7 W

487 89.106 695.455 1.380 5.4 o

493 104.421  1172.944 2.123 7.7 W

l"'

Mean 113.036  848.259  1.267 5.2 o
SD 26.491 246.862 0.423 1.3 2
SEM 9.366 87.279 0.150 0.5 i
W,

(]

&

4

X

100 mg (HAN)/kg &

Animal T 1/2 AUC T-Max C-Max q‘:
number {hrs) (% * hrs) (hrs) (%) ’

St

297 127.722 1713.381 0.808 9.3 D

301 137.934 1505.523 7.239 7.3

314 34.737 990.774 9.042 14.9 o

387 117.686  1628.541  1.331 9.5 )

482 97.774 931.178 0.531 6.6 vt

486 76.750 1443.706  0.681  13.0 B

489 60.063 1220.285 0.505 14.0 bty

494 92.732 1430.515 0.848 10.6 -

o

Mean 93.175 1357.988 2.623 10.6 N
SD 35.051 285.320 3.449 3.1 e
SEM 12.392 100.876 1.219 1.1 %
2

AUC = area under the time-concentration curve iy

T-Max = time to peak concentration .{
C-Max = peak concentration o

T 1/2 = half-time of methemoglobin reduction ‘

)
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Time

HEINZ BODY DATA

(after dosing)

50 mg (HAN) /kg

ANIMAL NUMBER

282
293
300
308
474
481
487
493

QOO GO O O NN LA G O T S e O

TIME
(hrs)

= s O oN s 0N
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of First Appearance

100 mg (HAN) /kg

ANIMAL NUMBER TIME

297
301
314
387
482
486
489
494

OO SR AT IO I AR A S A ST AR

(hrs)
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